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(57) Abstract 

In a process for production of an aromatic di- 
carboxylic acid such as terephthalic acid by the liquid 
phase oxidation of a precursor (e.g. p-xylene) thereof, 
an overheads stream (10) comprising aqueous aliphatic 
carboxylic acid is subjected to azcotropic distillation in 
column (12) to reduce die water content The azcotropic 
distillation may be carried out using reflux of the en trainer 
only (22) with control of entrainer penetration to obtain 
a bottoms product (34) which is substantially entrainer 
free and contains a predetermined amount of residual wa- 
ter. Any aromatic dicarboxylic acid precursor present in 
the overheads stream is separated from the aliphatic car- 
boxylic acid by withdrawal at a location (24) in the vicin- 
ity of the point of introduction of the feed (10) into the 
column. The amount of water in the bottoms product 
(34) may be controlled by regulation of a separate water 
feed (76) to the lower section of the azeotropic distilla- 
tion column. In addition, regulation of the reflux rate (via 
line 22) may be employed to control the water content of 
the bottoms product and maintain column operation in the 
event of loss of feed to the column. 
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KtiC I ACID F WEnC ACI ° BY AZE0TR0PIC ^ILLATION IN THE PRODUCTION OF AN 

This invention relates to separation of water from a liquid phase medium containing water 
and at least one other component. 

The invention has particular application to the separation of water from an aqueous feed 
5 stream containing an aliphatic carboxylic acid such as acetic acid. 

A specific application of the invention is in a process for the production of an aromatic 
dicarboxylic acid such as terephthalic acid in which, to remove water generated in the reaction 
producing the dicarboxylic acid, an acetic acid/water vapour stream is drawn off from the reactor 
overheads and subjected to distillation to separate the water from the acetic acid. The dehydrated 
10 acetic add is then recycled at least in part to the oxidation reactor. Traditionally fractional 
distillation has been used for this task since the manufacture of terephthalic add is a process 
which, when operated at elevated pressures (typically in excess of 20 bare), produces significant 
waste heat which is available for use as reboil heat for the distillation column. 

However, with the advent of interest in tower pressure processes for the manufacture of 
15 terephthalic add combined with a drive for more effident heat recovery schemes, heterogeneous 
azeotropic distillation has been recognised as offering potential capital and variable cost benefits 
over fractional distillation. 

Heterogeneous azeotropic distillation for acetic add/water separation is disclosed in 
US^20S0234. US-Ah»250330 and G&A-1576787. As stated in GB-A-1576787. a significant 

20 advantage of azeotropic distillation is low reflux ratio and hence reduced heat energy requirement 
for distillation. Reflux ratio Is dependent on the particular entrainerseleded for the azeotropic 
distillation, in terms of low reflux ratios, n-butyl acetate (boiling point: about 126.2X) must be 
considered. This particular entrainer is favoured in GB-A-1 576787 for the separation of acetic acid 
and water. Less desirable from the standpoint of reflux ratio is the lower boiling point entrainer 

25 isobutyl acetate (boiling point: about 117»C) which is favoured by US-A-*250330; even less 
desirable In this context is n-propyl acetate (boiling point: about 101 X) which was round to be 
useful as an entrainer in the 1930's prior to the recognition of n-butyl acetate as a superior 
entrainer (see US-A-2050234 which is concerned with the production of substantially pure "gladaP 
acetic acid from aqueous acetic acid). N-butyl acetate is advantageous because of the higher 

30 amount of water entrained in the azeotrope which allows a lower reflux ratio when organic phase 
reflux only is used. 

In the kind of application that the present invention is specifically concerned with, it is not 
necessary for the distillation to be carried out in such a way as to produce substantially anhydrous 
acetic acid. Because the acetic add is to be recyded at least in part to the oxidation reactor, it is 
35 expedient to produce a partially dehydrated acetic acid product typically containing of the order of 
5% by weight water based on the combined acetic acid/water content US-A-4250330 and 
GBnA-1576787 both contemplate the possibility of producing a bottoms product containing some 
water: US-A-4250330 mentions a water content of no more than 10% (and preferably no more 
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than 5%) by weight using isobutyt acetate entrainer whilst GB-A-1 576787 gives a specific 
Example in which, using n-butyl acetate entrainer, the water content in the dehydrated acetic acid 
product is 6.3% by weight 

In GB-A-1 576787 a bottoms product containing water is obtained using n-butyl acetate 
5 entrainer and, apart from using an excessive number of trays in the bottom part of the distillation 
column, slippage of entrainer into the bottoms product can only be avoided by employing a feed 
stream which has a high water content and/or by using a reflux combining both organic (entrainer) 
and aqueous phases. Thus, in the Example given in GB-A-1 576787, the water content of the feed 
stream supplied via feed line 5 comprises 56.51% by weight of water relative to the acetic acid 

10 content of the feed stream. Nowadays terephthalic acid production installations tend to employ 
relatively low water content in the oxidation reactor (eg about 8% by weight based on the 
combined liquid phase acetic acid/water content) in order to minimise corrosion and burning of 
acetic add and hence loss of solvent Thus, for plant operating with relatively low water content in 
the oxidation reactor, if the feed stream to the distillation column is derived from the reactor 

1 5 overheads, to achieve a water content in the feed stream of for example 56% by weight, it would 
be necessary to use a rectifier or equivalent water concentration device upstream of the 
azeotropic distillation column, ie to produce from the relatively low water content in the condensed 
acetic acid/Water reactor overheads a water rich feed stream for treatment in the azeotropic 
distillation column. Moreover, In the Example of GB-A-1576787, it will be noted that the reflux to 

20 the distillation column is a combined feed of organic and aqueous phases. 

In US-A-4250330, the water content of the feed stream to the distillation column is not 
specifically disclosed but, according to Example 1 . the feed stream is made up of acetic 
acid/water vapours derived from a partially anhydrifying column supplied with mother liquor (line 
1) and a liquid stream of aqueous acetic acid at 70% by weight (line 8) derived from other parts of 

25 the plant Significantly, Figure 1 of the drawings illustrates the provision of a line 17 which wiU be 
effective to recycle part of the aqueous phase back to the distillation column so that the reflux 
comprises a combined feed of organic and aqueous phase components. Apparently the aqueous 
phase component was considered necessary in order to avoid slippage of entrainer Into the 
bottoms product 

30 Although the azeotropic distillation systems of US-A-4250330 and GB-A-1 576787 can be 

operated using n-butyl or isobutyl acetate entrainers, from the foregoing it will be seen that certain 
compromises have to be made in order to secure a water-containing bottoms product which is 
substantially free of entrainer. 

According to one aspect of the present invention there is provided a process for the 

35 production of an aromatic dicarboxylic acid comprising oxidising a precursor of the dlcarboxyilc 
acid in an aqueous liquid phase medium comprising a lower aliphatic carboxylic acid and In the 
presence of a heavy metal catalyst system, the oxidation being accompanied by the production of 
an overhead vapour stream comprising the aliphatic carboxylic acid and water, condensing the 
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overhead vapour stream to produce a liquid phase feed stream containing the aliphatic carboxylic 
add and water, and azeotropically distilling the feed stream to produce a bottoms product 
containing the aliphatic carboxylic acid and a reduced amount of water, characterised in that: 

(a) the feed stream subjected to azeotropic distillation has a water content within the 

5 range 20% to 40% by weight based on the combined weight of the aliphatic carboxylic 

acid and water in the feed stream; 

(b) isobutyl acetate, n-propyl acetate or an entrainer with a boiling point intermediate 
those of isobutyl acetate and n-propyl acetate is used as the entrainer; 

(c) the distillation is operated with a single organic phase reflux comprising said entrainer; 
10 and 

(d) a bottoms product substantially free of said entrainer is produced which contains an 
amount of water within the range 2 to 12% by weight based on the combined weight of 
the aliphatic carboxylic acid and water in the bottoms product. • 

According to a second aspect of the present invention there is provided a process for the 

15 production of an aromatic dicarboxyiic acid comprising oxidising a precursor of the dicarboxylic 
acid in an aqueous liquid phase medium comprising a lower aliphatic carboxylic add and in the 
presence of a heavy metal catalyst system, the oxidation being accompanied by the production of 
an overhead vapour stream comprising the aliphatic carboxylic acid and water, condensing the 
overhead vapour stream to produce a liquid phase feed stream containing the aliphatic carboxylic 

20 add and water, and azeotropically distilling the feed stream in a distillation column to produce a 
bottoms product containing the aliphatic carboxylic add and a reduced amount of water, 
characterised in that the overhead vapour stream from the reactor is processed with or without the 
addition of water from other sources to produce a feed stream having a water content of 20 to 
40% by weight relative to the combined acetic acid and water in the feed stream and such that the 

25 azeotropic distillation can be carried out using as entrainer n-propyl acetate or isobutyl acetate or 
an entrainer having an intermediate boiling point and using organic phase reflux only while 
securing a bottoms product which contains between 2 and 12% water by weight based on the 
combined acetic acid and water content and is substantially entrainer free. 

Whilst, in practising the process as defined in the above defined aspects of the invention, it 

30 Is not contemplated that there will be any reflux of the aqueous phase, we do not exdude the 
possibility that an insignificant amount (eg no more than 1% and certainly no more than 2% by 
weight of the total reflux) of the aqueous phase may be refluxed. 

Where the water content of the feed stream is below 30% by weight, the presently preferred 
entrainer is n-propyl acetate. 

35 Preferably the water content of the feed stream comprises 20 to 30% (more preferably 23 to 

27%) by weight based on the combined acetic add and water content of the feed stream. 
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Usually the water content of the bottoms product comprises 3 to 10% (preferably 3 to 7% 
and more preferably 4 to 5%) by weight based on the combined acetic acid and water content of 
the bottoms product. 

Where water is added to the feed stream from other sources, the amount added will be a 
5 minor proportion of the total water content Typically the amount added will form no more than 5% 
(more usually no more than 3%) by weight of the combined acetic acid and water content of the 
feed stream. 

In contrast with US-A-4250330 and GB-A-1 576787 the azeotroplc distillation process of the 
present invention is carried out without resorting to a reflux comprising an organic phase and a 

10 significant amount of the aqueous phase thereby avoiding complexity in the column overheads 
system. Also, it is not necessary to take special measures to increase the water content of the 
feed stream to avoid slippage of entrainer into the bottoms product 

Another advantage secured by the process of the invention is that the column height may 
be reduced significantly compared with a fractional distillation column or azeotroplc distillation 

15 column operating with rvbutyl acetate as the entrainer. For instance, whilst a conventional 
fractional distillation column may use 52 theoretical stages and an azeotroplc distillation column 
operating with n-butyl acetate as entrainer may require 40 theoretical stages, a column operating 
in accordance with the process of the invention may have 35 theoretical stages In the case of 
isobutyl acetate entrainer and as few as 24 theoretical stages in the case of n-propyl acetate. 

20 An important advantage stemming from the use of a single phase reflux Is that a packed 

column (with a random or structured packing) may be used instead of a trayed column. Where the 
reflux comprises two phases, the use of a packed column gives rise to distribution problems which 
would require the use of specially designed redistributors to ensure a uniform liquid phase 
composition. Thus, in accordance with a preferred aspect of the invention, the azeotroplc 

25 distillation is carried out in a packed column (provided with a random packing, eg Raschig or Pall 
rings, or a structured packing). This confers a number of potential advantages over a trayed 
column, eg column size and column hold-up inventory may be reduced which in turn increases 
control stability, speeds up response to upsets such as partial or total loss of feed to the column or 
feed composition changes, and reduces the volume of material dumped into the bottom of the 

30 column in the event of loss of reboiler heat 

In the production of aromatic dicarboxylic acids such as terephthaiic acid, the reactor 
overheads vapour stream tends to cany over amounts of the precursor (eg paraxylene) which 
should desirably be recovered. In a further aspect thereof, the present invention Is concerned with 
the recovery of the precursor in an efficient manner. 

35 According to this aspect of the present invention there is provided a process for the 
production of an aromatic dicarboxylic acid comprising oxidising a precursor of the dicarboxylic 
acid in an aqueous liquid phase medium comprising a lower aliphatic carboxyiic acid and in the 
presence of a heavy metal catalyst system, the oxidation being accompanied by the production of 
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an overhead vapour stream comprising the aliphatic carboxylic add. said precursor and water 
condensing the overhead vapour stream to produce a liquid phase feed stream containing the 
aliphatic carboxylic acid, water and said precursor, and distilling the feed stream in a column to 
produce a bottoms product containing the aliphatic carboxylic acid and a reduced amount of 
5 water, characterised in that said precursor is recovered by: 

cairying out the distillation using an entrainer which is capable of forming a heterogeneous 

azeotrope with water; 

controlling penetration of the entrainer whereby the bottoms product is substantially entrainer 
free; 

1 0 introducing the feed stream into the column at a location above the lower limit of the 
azeotropic zone; and 

withdrawing said precursor from the column in the region of the location of introduction of the 
feed stream. 

In practice, the point at which the feed stream is Introduced into the column will be 
15 consistent with the need to minimise the concentration of the aliphatic acid in the tops product 
withdrawn at the upper end of the column and will be somewhat closer to the lower limit of the 
azeotropic zone than to the top of the column. 

This aspect of the invention is based on the surprising finding that the concentration of the 
precureor is increased substantially in the vicinity of the point of entry of the feed stream In 
20 particular, the ratio between the concentrations of the precursor and the entrainer has been found 
to peak at a location a short distance betow the point of entry of the feed stream 

in one embodiment of the invention, the dicaiboxylic acid is terephthalic acid and the 
precursor is paraxylene. 

The entrainer is conveniently one which allows the azeotropic disfillation to be carried out 
25 using an organic phase reflux only, especially in circumstances where the feed stream to the 
delation column contains a water content of no more than 40% (more usually no more than 
35%) by weight based on the combined aliphatic actdVwater content of the feed stream and where 
the bottoms product is required to be substantially free of entrainer and have a water content of 
from 2 to 1 2% by weight based on the aliphatic arid/water content of the bottoms product. 
30 inthisaspectoftheinvention. the entrainer is preferably constituted by an alkyl acetate eg 
«o*utyl acetate or an entrainer having a boiling point lower than iso-butyl acetate (eg n-propyl 
acetate). 

As used throughout this specification, -azeotropic zone" refers to that region of the 
distillation column where the concentration of the entrainer In the com bind liquid phases is at least 
35 0.1% by weight 

Another aspect of the invention relates to control of an azeotropic distillation column so as 
to cope with changes in the composition of the feed(s) to the column and/or substantial or total 
loss of feed . 
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According to this aspect of the present invention there is provided a process for effecting 
the separation of water from a liquid phase medium containing at least one other component by 
azeotropic distillation wherein the tops component primarily comprises water whilst the bottoms 
product comprises said component and a reduced amount of water, characterised in that the 
5 amount of water in the bottoms product is controlled by regulation of a separate water feed to the 
lower section of the column. 

In addition, regulation of the reflux rate is preferably employed to control the amount of 
water in the bottoms product 

Regulation of the reflux rate and said separate water feed is preferably effected in 
10 dependence upon the concentration of water in the bottoms product, such regulation conveniently 
being carried out so as to maintain the water concentration within predetermined limits, for 
instance as specified hereinafter. 

In the preferred embodiment of the invention the separate water feed is introduced into the 
column at a location corresponding to or below the lower limit of the azeotropic zone. 
1 5 One application of the present invention is especially suitable, but not necessarily limited to, 

the control of trayed columns where the use of reflux rate regulation to control the bottoms product 
water concentration tends to have a very slow response rate. The provision of a separate water 
feed to the base of the column allows a fast responding control loop to be established which, in 
conjunction with the slow acting control loop established by regulation of the reflux rate, allows the 
20 bottoms product water concentration to be maintained within desired limits. 

A further advantage secured by the provision of the separate water feed (applicable to both 
trayed and packed columns) Is that sudden reduction or loss of water supplied to the column via 
the feed stream, eg as a result of a reactor trip in the case where the feed stream is derived from 
the oxidation process associated with the production of terephthalic acid, can be readily 
25 compensated for. For instance, in the event of loss of the feed stream as a result of a reactor trip, 
the entrainerwill rapidly strip out all of the water from the base of the distillation column resulting 
in loss of the column profile (making it more difficult to re-establish normal operation) and 
eventually leading to corrosion difficulties in that zone. By monitoring the water concentration in 
the base of the column (eg by monitoring temperature and/or on-line analysis), a safeguard 
30 against such circumstances may be provided by control of the separate water feed to the column. 
The liquid phase medium may comprise an aliphatic carboxylic acid, such as acetic add. 
and water. 

The process of the invention has particular application to azeotropic distillation canted out 
in such a way as to secure a predetermined amount of water in the bottoms product - for instance, 
35 In situations where the bottoms product Is required to have a certain water content for 
compatability with subsequent use of the bottoms product, eg recycle of acetic add to the 
oxidation reactor in plant forthe production of terephthalic acid. 
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Where the liquid phase medium comprises an aliphatic earboxylic acid, such as acetic acid, 
and water, any suitable compound forming a heterogeneous azeotrope with water may be 
employed, eg alkyl acetates such as n-butyl acetate, iso-butyl acetate and n-propyl acetate. 
Although this last-defined aspect of the invention may conveniently be used in processes 
5 according to earlier defined aspects of the invention, it is not limited to those processes and may 
for example be used in processes in which both the organic and aqueous phases are retluxed 
back to the distillation column. 

The invention will now be described by way of example only with reference to the 
accompanying drawings in which: 
10 Figure 1 is a schematic view of an azeotropic distillation plant in accordance with the invention; 
Figure 2 is a view similar to that of Figure 1 showing a modified control scheme; and 
Figure 3 is a view similar to that of Fi B ure 2 showing another variant of the control scheme. 

The invention will be illustrated by reference to the processing of an aqueous acetic acid 
stream derived from plant for producing terephthallc acid by the liquid phase oxidation of 
15 paraxylene. The oxidation is carried out in a reactor in which the liquid phase medium comprises 
paraxylene. acetic acid solvent, some water and a brominated catalyst system comprising cobalt 
and manganese compounds. Such an oxidation process is described in our prior EP-A-498501 
and EP-A-502628. the disclosures of which are incorporated herein by this reference. The 
oxidation process results in the generation of a reactor overhead vapour comprising mainly acetic 
20 acid and water of reaction together with other compounds such as methyl acetate and paraxylene. 
This overhead vapour is withdrawn from the reactor and is partially condensed in an overheads 
condenser system to produce liquid phase aqueous acetic acid components, a water-lean 
component which is returned to the reactor as a reflux and a water-rich component which is 
passed to the distillation column. The latter component contains a water content of the order of 20 
25 to 30% (typically 25 to 28%) by weight based on the combined acetic acid and water content of 
the stream. The aqueous acetic acid stream usually also contains some paraxylene and methyl 



acetate. 



In the process of the present invention, such recovery is effected using azeotropic 
distillation in such a way as to produce a bottoms product comprising acetic acid with a reduced 

30 water content (typically 5% by weight based on the combined acetic acid/Water content) whereby 
the water content in the oxidation reactor can be regulated by removing excess water and 
returning a residual amount together with the recycled acetic acid. The lower reflux ratios that can 
be employed through use of high boiling point entrainers such as n-butyl acetate make such 
entrainersthe logical choice for the azeotropic distillation, especially where the intention is to 

35 make more effective use of the significant waste heat generated in the oxidation reaction or to 
operate the oxidation process at reduced pressure with attendant reduced energy Input 
requirements. However, the water content present in the overheads aqueous acetic acid stream 
and that present in the acetic acid product derived from the azeotropic distillation are such that 
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high boiling point entrainers require special steps to be taken to prevent slippage of the entrainer 
into the bottoms product; for instance, operation with a combined organic phase and aqueous 
phase reflux and/or processing of the reactor overheads stream to increase the water content of 
the feed to a level effective to strip out substantially all of the entrainer above the point of 
5 withdrawal of the bottoms product from the distillation column. 

These complications can be avoided by limiting the processing of the overheads aqueous 
acetic acid stream coupled with operating the distillation process with a single organic phase 
reflux and so that the acetic acid bottoms product is substantially entrainer free and contains the 
requisite level of water consistent with recycle to the oxidation reactor. This is achieved by using a 

1 0 relatively low boiling point entrainer such as rvpropyl acetate, iso-butyl acetate or a compound 
which has an intermediate boiling point is compatible with the desired separation and forms a 
heterogeneous azeotrope with water. By "limiting processing of the reactor overheads aqueous 
acetic acid stream" we mean that the vapour phase reactor overheads are subjected to 
condensation processes without taking special additional steps to increase the water content by 

1 5 way of additional rectification equipment. 

Referring to the drawing, the feed 10 to the distillation column 12 (which may be a packed 
column or a trayed column) is obtained directly from the reactor overheads condenser system 14 
associated with the oxidation reactor of plant for the production of terephthalic acid, ie without any 
Intervening rectification process, to provide a feed with a high water content in excess of 40%. A 

20 low boiling point entrainer such as n-propyt acetate is used and the column is operated so as to 
secure penetration of the entrainer to a level below the feed 10 whereby the feed 10 enters the 
column at an entrainer-rich region. Although only one feed is illustrated in the drawing, there may 
be additional aqueous feeds (liquid phase and/or vapour phase) to the column at other points 
along the height of the column, eg feeds derived from the high pressure absorber and the first and 

25 second crystallisers associated with the oxidation reactor. Such additional feeds may or may not 
enter the column in the azeotropic zone. The primary feed will be that derived from the overheads 
condenser system 14 which will generally contribute more water than any other feeds present In 
some cases, such other feeds may be combined with the feed from the overheads condenser 
system 14 and introduced into the column as a single feed. 

30 The tops product at the head of the column 12 is cooled in column overheads condenser 

system 16 and the condensate is supplied to a phase separator 18 where the condensate is 
separated into an organic phase (primarily entrainer and a small quantity of water and some 
methyl acetate, paraxylene and other organics) and an aqueous phase containing a small quantity 
of entrainer and, inter alia, some methyl acetate. Although not shown, the phase separator 18 Is 

35 provided with an outlet for purging of gaseous inerts from the system. To regulate the pressure in 
the column 12, the cooling medium supplied to cooling system 16 is fed via line 50 under the 
control of valve 52 controlled by a pressure controller 54. In this way. the pressure within the 
column 12 can be regulated by adjustment of the flow in line 50. Alternatively the pressure in the 



8 



WO 96/06065 



PCT/GB95/01933 



column may be regulated by other expedients such as inert blanketing or liquid logging of the 
condenser 16. The condensed aqueous phase is supplied via line 20 to a stripping column (not 
shown) where the errtrainer is recovered for recycle to the distillation column and methyl acetate is 
separated as the tops product for subsequent processing. The flow in line 20 Is regulated by a 
5 valve 56 which is controlled by level controller 58 responsive to the phase interface level within 
the phase separator 18. In this manner, mass balance at the top of the column Is maintained by 
take off of the aqueous phase under the control of valve 56. The organic phase is returned to the 
column 12 as a reflux via line 22 regulated by a valve 60 controlled by temperature controller 62 
which is responsive to the temperature profile within the distillation column 1Z In accordance with 
10 certain aspects of the present invention, none of the aqueous phase obtained from the separator 
18 is recycled to the column as a reflux Thus, a single phase reflux is employed thereby securing 
the advantages previously referred. However, as mentioned previously, we do not exclude the 
possibility of reflux of the aqueous phase and provision is made in the drawing for this possibility 
by the inclusion of line 64 with associated flow controller 66 and flow regulating valve 68. 
15 Mass balance is maintained at the base of the column 12 by withdrawing the bottoms 

product via line 34 at a rate determined by the setting of valve 70 which is regulated by level 
controtler 72. The separation efficiency is maintained by controlling the heat supplied to the 
reboiler 32 by means of valve 73 which is coupled to temperature controller 74 for sensing the 
temperature at or near the base of the column. 
20 As mentioned, the column is operated so as to ensure that the errtrainer penetrates down 
the column to a level below the point at which the feed 10 is introduced. Because the entrainer 
has a tow boiling point well removed from that of acetic acid, control of entrainer penetration can 
be readily achieved without the risk of penetration into the bottoms product withdrawn via line 34. 
Such control can be implemented by monitoring temperature at a number of vertically spaced 
25 locations within the column since the position where the entrainer concentration falls sharply within 
the column is accompanied by a corresponding sharp change in the temperature profile in that 
region. By monitoring the temperature profile by means of controller 62. the extent of penetration 
of the entrainer can be measured and suitable feedback control of the reflux rate via valve 60 
and/or reboil rate (via reboiler 32) can be used to adjust entrainer penetration to within 
30 predetermined limits. Also, penetration may be controlled by other means such as splitting the 
reflux Into two or more streams, one of which is introduced at the top of the column and the 
others) of which are introduced at one or more lower points - as disclosed in US-A-2050234. 

Where a lower boiling point entrainer such as n-propyl acetate is employed (which results in 
a higher organic reflux ratio than n-butyl acetate for organic phase only reflux), it is feasible to 
35 minimise the reflux ratio, more specifically the internal reflux ratio of the column, by varying the 
amount of subverting that takes place in the condenser system 16. We have found that it is 
possible to minimise the internal reflux ratio by selection of an appropriate exit temperature from 
the condenser system 16. Thus, for example, in the case of n-propyl acetate entrainer. we have 
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found that the column internal reflux ratio is at or close to Its minimum value if the temperature at 
the exit of the condenser system 16 is set at about 75'C. Thus, it is preferred that the condenser 
exit temperature is within about 10*C. more preferably within about 5*C, of the value 
corresponding to the minimum column internal reflux ratio. By minimising the column internal 
5 reflux ratio In this way, both the column diameter and the energy requirements for the distillation 
can be reduced. 

One of the major impurities that tend to be present in the feed 10 derived from the 
oxidation reactor Is parexylene which has a relatively high boiling point and forms an azeotrope 
with water. If not removed from the distillation column, the parexylene present in the feed will tend 
10 to accumulate and, as its concentration increases, will tend to Impair the performance of the 
column. We have determined that. If small amounts of parexylene are present in the feed 10, the 
concentration profile of parexylene in the column surprisingly tends to increase markedly in the 
vicinity of the point of introduction of the feed stream 10. Accordingly, parexylene removal is 
effected via line 24 in the vicinity of the point of Introduction of the feed stream 10. In this way, the 

15 impurity can be removed very effectively without removing excessive amounts of the desired 
entralner from the column. In contrast. If n-butyl acetate is used as the entrainer, the parexylene 
tends to be more uniformly dispersed throughout the column and cannot be removed m significant 
quantities at a single location. 

In practice, we have found that it is expedient to remove the parexylene at a location 

20 slightly removed from the point at which it reaches its peak concentration relative to the entralner 
concentration. Experimental work has established that the ratio of parexylene concentration to 
entrainer concentration peaks at a location just below the point of Introduction of the aqueous 
acetic acid feed stream 10. However, it has also been established that the relative concentration 
of toluene, another impurity that tends to be present in the feed stream 10. fells markedly below 

25 the point of introduction of the feed stream 10. By purging parexylene from the column at a 
location just above the point of introduction of feed stream 10 (lea location where the ratio of 
parexylene to entralner concentrations is less than Its maximum value), a significant amount of 
toluene can be removed at the same time thereby avoiding the need for separate draw-offs for the 
parexylene and toluene impurities. 

30 Referring now to Figure 2. this illustrates a control scheme for accommodating disturbances 
or toss of feed(s) to the distillation column. The scheme shown in Figure 2 is similar in many 
respects to that of Figure 1 and the same references have been used to depict like components. 
The key feature in the control scheme of Figure 2 is the provision for supply of water (via line 76) 
to the lower section of the column under the control of valve 78 which In turn is controlled by the 

35 temperature controller 74. As shown, the water supply Is derived from the water exported from 
the system via line 20. However, the water employed for this purpose may be derived from other 
sources. Thus, in circumstances where the temperature increases In the base of the column as 
detected by controller 74 (eg as a result of a substantial or total loss of feed to the column), the 
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setting of the valve 78 is adjusted to admit water into the column of the base to offset the 
temperature increase and provide water on which the column can work. In a modification of this 
scheme, the roles of the temperature controllers 62 and 74 may be reversed so that temperature 
controller 82 controls the valve 73 while temperature controller 74 controls the valve 80 (and also 
5 valve 78). 

A more sophisticated control scheme is shown in Figure 3. Again the same reference 
numerals are used to depict similar components in Figures 2 and 3. In this scheme, the base 
temperature controller 74 controls operation of the valves 60 and 78 while controller 62 controls 
operation of the valve 73. The arrangement is such that, while valve 78 (water supply) can be set 
10 by controller 74 to terminate water supply to the column, the valve 60 has a minimum setting 
which, once attained, is fixed thereby ensuring that there is always at least a predetermined 
entrainer reflux rate which cannot be reduced further by controller 74. In normal operation of the 
column, the reflux rate will be fixed to limit the extent of entrainer penetration to an optimum 
position down the column. In this case, the valve 78 may be set to its closed position so that no 
15 water is imported into the column from the line 76. 

In a situation where the feed to the column changes, if for instance the temperature in the 
base of the column 12 is increased in response to entrainer penetration beyond the optimum 
point, this temperature increase is detected by controller 74 which operates to open valve 78 to 
admit water thereby giving a fast response to temperature change. At the same time, the 
20 increased signal from the controller 74 is detected and the setting of the valve 60 is modified to 
reduce the reflux rate to the column. This in turn reduces the extent of entrainer penetration down 
the column with consequent change in the column temperature profile. As the entrainer 
penetration level rises in the column, the reboiler turns down (under the control of controller 62) 
with accompanying reduction of temperature in the base of the column and closure (partial or 
25 complete) of the valve 78. Thus, the water admission valve provides a fast response loop to 
variations whilst the reflux valve 60 provides slower response loop which gradually restores 
column operation to a condition where no or minimal water importation via valve 78 is required. 

In extreme circumstances involving substantial or total loss of feed to the column, this will 
result in an increase in temperature in the base of the column which is counteracted by opening of 
30 the water admission valve 78. As described above, the valve 60 is also adjusted to reduce 
entrainer reflux to the column. However, in these circumstances, closure of the valve 60 is only 
permitted until the predetermined minimum reflux rate is reached and as the reflux rote reduces 
the reboiler 32 in response to the signal generated by controller 62 turns down to an extent 
determined by the minimum reflux rate. The limit Imposed on closure of the valve 60 of course 
35 imposes a limit on the extent to which the reboiler can turn down. Thus. In the circumstances, the 
temperature in the base of the column becomes effective to maintain sufficient water supply to the 
column via valve 78 in order to provide water on which the column can work and also to prevent 
slippage of entrainer into the bottoms product 
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From the foregoing, ft will be seen that the separate small water feed 76 to the lower 
section of the column with regulation of this water feed in accordance with bottoms product water 
concentration (eg as measured by temperature changes or on-line analysis) provides fast 
response to any changes in water concentration thereby maintaining close control over the water 
5 content of the bottoms product Two variables are used to control the bottoms product water 
concentration, namely the separate water feed and the organic phase reflux rate. The water feed 
provides fast response whilst the organic phase reflux changes gradually in such a way as to 
minimise the water feed and restore the concentration within desired limits. Both the water feed 
and the reflux rate are controlled in dependence upon the bottoms product water concentration 

10 (eg as determined by temperature measurements or on-line analysis). 

Also as mentioned previously, the separate water feed via line 76 can be used to safeguard 
against reactor trips which would otherwise result in stripping out of substantially all of the water in 
the bottom of the column. In this instance, the separate water feed is brought into play in the 
event of a significant temperature increase in the base region of the column. 

15 It is to be understood that, whilst described in the context of azeotropic distillation using a 

single organic phase reflux, those schemes involving supply of water to the lower section of the 
column may also be applied to azeotropic distillation in which both the organic and aqueous 
phases are remixed to the column. 
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CLAIMS 

1. A process for the production of an aromatic dicarboxylic add comprising oxidising a precursor 
of the dicarboxylic acid in an aqueous liquid phase medium comprising a lower aliphatic 
carboxylic acid and in the presence of a heavy metal catalyst system, the oxidation beino 
5 accompanied by the production of an overhead vapour stream comprising the aliphatic carboxylic 
add and water, condensing the overhead vapour stream to produce a liquid phase feed stream 
containing the aliphatic carboxylic acid and water, and azeotropically distilling the feed stream to 
produce a bottoms product containing the aliphatic carboxylic acid and a reduced amount of 
water, characterised in that: 

10 (a) the feed stream subjected to azeotropic distillation has a water content within the 

range 20% to 40% by weight based on the combined weight of the aliphatic carboxylic 
add and water in the feed stream; 

(b) isobutyl acetate, n-propyl acetate or an entrainer with a boiling point Intermediate 
those of isobutyl acetate and n-propyl acetate is used as the entrainer 
15 (c) the distillation is operated with a single organic phase reflux comprising said entrainer 

and 

(d) a bottoms product substantially free of said entrainer is produced which contains an 
amount of water within the range 2 to 12% by weight based on the combined weight of 
the aliphatic carboxylic add and water in the bottoms product 

20 2. A process for the production of an aromatic dicarboxylic acid comprising oxidising a precursor 
of the dicarboxylic add in an aqueous liquid phase medium comprising a lower aliphatic 
carboxylic add and in the presence of a heavy metal catalyst system, the oxidation being 
accompanied by the production of an overhead vapour stream comprising the aliphatic carboxylic 
acxl and water, condensing the overhead vapour stream to produce a liquid phase feed stream 

25 containing the aliphatic carboxylic add and water, and azeotropically distilling the feed stream in a 
distillation column to produce a bottoms product containing the aliphatic carboxylic add and a 
reduced amount of water, characterised in that the overhead vapour stream from the reactor is 
processed with or without the addition of water from other sources to produce a feed stream 
having a water content of 20 to 40% by weight relative to the combined aliphatic carboxylic add 

30 and water in the feed stream and such that the azeotropic distillation can be carried out using as 
entrainer n-propyl acetate or isobutyl acetate or an entrainer having an intermediate boiling point 
and using organic phase reflux only while securing a bottoms product which contains between 2 
and 12% water by weight based on the combined aliphatic carboxylic acid and water content and 
is substantially entrainer free. 

35 3. A process as claimed in Claim 1 or 2 in which the tower limit of the azeotropic zone is located 
below the point of introduction of said feed stream. 

4. A process as daimed In Claim 1 , 2 or 3 In which n-propyi acetate is employed as the entrainer. 
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5. A process as claimed in Claim 4 in which the water content of the feed stream is less than 30% 
by weight 

6. A process as claimed in any one of Claims 1 to 5 in which the water content of the bottoms 
product comprises 3 to 10% by weight based on the combined aliphatic carboxylic acid and water 

5 content of the bottoms product 

7. A process as claimed in any one of the preceding claims further characterised in that said 
precursor is recovered by introducing said feed stream into the column at a location above the 
lower limit of the azeotrupic zone and withdrawing said precursor from the column in the region of 
the location of Introduction of the feed stream. 

10 8. A process as claimed in Claim 7 In which said precursor is withdrawn from the column at a 
location above the point of Introduction of the feed stream. 

9. A process as claimed in any one of the preceding claims in which the azeotropic distillation Is , 
carried out in a packed column. 

10. A process for the production of an aromatic dicarboxylic acid comprising oxidising a precursor 
15 of the dicarboxylic acid in an aqueous liquid phase medium comprising a lower aliphatic 

carboxylic add and in the presence of a heavy metal catalyst system, the oxidation being 
accompanied by the production of an overhead vapour stream comprising the aliphatic carboxylic 
acid, said precursor and water, condensing the overhead vapour stream to produce a liquid phase 
feed stream containing the aliphatic carboxylic acid, water and said precursor, and distilling the 
20 feed stream in a column to produce a bottoms product containing the aliphatic carboxylic acid and 
a reduced amount of water, characterised In that said precursor is recovered by: 
carrying out the distillation using an entrainer which is capable of forming a heterogeneous 
azeotrope with water, 

controlling penetration of the entrainer whereby the bottoms product is substantially entrainer free; 
25 introducing the feed stream into the column at a location above the lower limit of the azeotropic 
zone; and 

withdrawing said precursor from the column In the region of the location of introduction of the feed 
stream. 

1 1 . A process as claimed in Claim 10 in which the entrainer is one which allows the azeotropic 
30 distillation to be carried out using an organic phase reflux only in circumstances where the feed 

stream to the distillation column contains a water content of no more than 40% by weight based 
on the combined aliphatic acid/water content of the feed stream and where the bottoms product Is 
required to be substantially free of entrainer and have a water content of from 2 to 12% by weight 
based on the aliphatic acid/water content of the bottoms product 
35 12. A process as claimed In 10 or 11 in which the entrainer is constituted by an alkyi acetate. 
13. A process as claimed in Claim 10 in which the distillation is operated with a single organic 
phase reflux comprising said entrainer. 
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14. A process as claimed in any one of the preceding claims in which the dicarboxylic acid is 
terephthalic acW and the precursor is paraxylene. 

1 5. A process as claimed in any one of the preceding claims in which the overhead vapour stream 
from the reactor is processed with or without the addition of water from other sources to produce a 

5 feed stream having a water content of 20 to 40% by weight relative to the combined aliphatic 
carboxylic acid and water in the feed stream. 

16. A process as claimed in any one of the preceding claims in which the amount of water in the 
bottoms product is controlled by regulation of a separate water feed to the lower section of the 
column. 

10 1 7. A process for effecting the separation of water from a liquid phase medium containing at least 
one other component by azeotropic distillation wherein the tops component primarily comprises 
water whilst the bottoms product comprises said component and a reduced amount of water, 
characterised in that the amount of water in the bottoms product is controlled by regulation of a 
separate water feed to the lower section of the column. 

15 18. A process as claimed in Claim 17 in which, in addition, regulation of the reflux rate is is 
employed to control the amount of water in the bottoms product. 

19. A process as claimed in Claim 17 or 18 in which regulation of the reflux rate and said separate 
water feed is effected directly or indirectJy in dependence upon the concentration of water in the 
bottoms product 

20 20. A process as claimed in any one of Claims 17 to 19 in which the separate water feed is 

introduced into the column at a location corresponding to or below the lower limit of the azeotropic 
zone. 



21. A process as Claimed in any one of Claims 17 to 20 in which the liquid phase medium 
comprises an aliphatic carboxylic acid and water, the azeotropic distillation being carried out using 

25 as entrainer any suitable compound forming a heterogeneous azeotrope with water 

22. A process as claimed in Claim 21 in which the entrainer comprises n-butyl acetate, iso-butyl 
acetate or n-propyl acetate. 
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